SUMMARY Biopsies from 56 patients with endoscopically normal duodenal bulbs, duodenitis, or duodenal ulceration were studied for counts of plasma cells, polymorphs, and eosinophils and extent of gastric metaplasia, villous atrophy, and mucosal oedema. A correlation matrix showed that the counts of different types of plasma cells were closely correlated with each other and that there was also a close correlation between the presence of intraepithelial polymorphs, villous atrophy, and gastric metaplasia.
features are most important in ascribing cases to the selected groups.
We have shown previously that IgA plasma cell counts are significantly increased in duodenitis of Whitehead grades 1 and 2 but that all plasma cell counts are decreased in grade 3,7 although it is known that total cellularity of the lamina propria increases with grade. 2 We therefore analysed statistically the interrelationship between the various populations of inflammatory cells and morphometric measurements of mucosal volume, villous atrophy, and gastric metaplasia in a large number of duodenal bulb biopsies from controls and from patients with either non-specific duodenitis or duodenitis associated with ulcers by computing a correlation matrix and performing cluster and discriminant analysis. The correlation matrix can throw light on the integration of pathological processes in duodenitis, and the cluster and discriminant analyses can provide the basis for a histological classification of duodenitis; these analyses are potentially suitable for a more widespread application to biopsy pathology. A discriminant analysis package provided by PMMD was used to investigate the differences between the clusters. The method estimates multivariate functions that maximise the differences between groups. The percentage of correct classifications by the discriminant functions was evaluated using the distance formula of relocation analysis, individuals being assigned to the cluster for which the distance value was the smallest. atrophy also
Using cluster analysis a graph of the error (Fig. 2) this level of associated with successive cluster fusions showed that the greatest increase in error occurred when the lower level of number of clusters was reduced from three to two. aounts of IgG Little extra error was introduced by reducing from onts in crypt five to three clusters, but some increase was evident only link bet-in the transition from six clusters to five. Hence the three and six cluster solutions seemed to be of interest. On examination the six cluster solution consisted of two large groups and four very small ones (two of these contained only one case). The three cluster solution comprised two large clusters and a smaller one of five cases and offered a less fragmented classification. Fig. 3 gives a more detailed picture of the analysis structure, showing that the largest errors associated with fusion occurred between the three and two cluster levels. The three cluster solution, therefore, seemed to provide a valuable division. Fig. 4 shows the profile chart and 2( 25 Table 1 the values of the measurements for the three cluster solution. 
Cluster 3 showed appreciable villous atrophy compared with both cluster 1 and cluster 2 (p < 0.001), a highly significant (p < 0-001) reduction in IgA and IgE plasma cells, and reduced IgG and IgM plasma cells. There were also very significant increases in polymorphs in the villous and crypt epithelium, the lamina propria, and the gastric metaplasia compared with cluster 1 (p < 0-001). The increase in villous epithelial polymorph counts was also highly significant compared with cluster 2 (p < 0.001). Cluster 3 included all Whitehead grade 3 biopsies but also other cases.
Using discriminant analysis, the discrimination between clusters was highly significant with a value of Wilk's lambda of 0-03 (p < 0X0001) and two discriminant functions, explaining 100% of the overall variance. Function 1 was chiefly associated with polymorph counts in the villous epithelium and lamina propria and with the villous atrophy index. This permitted a clear separation of cluster 3 from clusters 1 and 2. Function 2 was characterised by the plasma cell counts and the oedema index and permitted separation of clusters 1 and 2.
The discriminant function correctly classified 87% of the cases studied, although the result was biased because the cases classified were those used in estimation of the functions.
Discussion
The finding of inflammatory changes in the mucosa of the duodenal bulb in patients with peptic duodenal ulceration and the presence of similar changes in both dyspeptic and asymptomatic patients without evidence of gross peptic ulceration has stimulated considerable effort to identify the importance of these changes in relation to the clinical course of peptic ulcer disease. 3'47 11-13 The aim of such effort is to decide which changes are of value in developing a reproducible histological classification for use in the diagnosis of dyspeptic symptoms, in the study of the clinical course of dyspepsia, doudenitis, and peptic ulcer disease, and as a guide to treatment. Definition of duodenitis has, however, proved to be extremely difficult. The underlying cause remains elusive, although increased secretion of gastric acid may have a role, so a satisfactory aetiological definition is not possible.
Endoscopic changes have shown only a varying correlation with histological changes, '3 further com- plicating definition of the abnormal state, and histological abnormalities have often been reported to occur in asymptomatic subjects studied as controls.3
This has led to a questioning of the importance of inflammatory changes in the duodenal mucosa, particularly a slight or moderate increase in lymphocytes, plasma cells, and other so called chronic inflammatory cells. 4 Several quantitative histological studies of duodenitis have been performed. A decrease in the ratio of surface to volume and an increase in total cell density in the lamina propria have been shown. 2 Hasan etal, using microdissection, confirmed the occurrence of villous atrophy and crypt hyperplasia in visually inflamed areas of both ulcerative and severe non-specific duodenitis. '4 We have shown that both villous atrophy, as measured by the ratio of mucosal epithelial length to length of muscularis mucosae, and increased mucosal volume are features of duodenitis. Only one previous morphometric study examined in detail the counts of different types of inflammatory cells in the lamina propria and epithelium. '5 This showed that in areas of endoscopic severe duodenitis plasma cells, lymphocytes, and polymorphs in the lamina propria were increased and that in the epithelium there were polymorphs and increased numbers of lymphocytes. Our results agree with these findings. Computation of the correlation matrix showed statistical correlations between cell populations and measurements of villous atrophy, oedema, and extent of gastric metaplasia. This "inflammatory matrix" shows the complex interrelations of the mucosal response to injury seen in both ulcerative and non-specific duodenitis. It suggests, overall, a dual pattern of response-that is, an immune response reflected in changes in plasma cell population and an acute inflammatory response closely related to the indicators of epithelial damage, gastric metaplasia and villous atrophy.
In the first arm of response all the various types of plasma cells are closely correlated with each other. We showed previously7 that IgA plasma cells increase significantly with severity of duodenitis, provided the overlying epithelium is not eroded, and that this may represent an important basic immunological response to any mucosal injury; but the present study also shows important correlations between IgG plasma cells, as well as IgA plasma cells, and mucosal oedema and between IgG plasma cells and the presence of crypt intraepithelial polymorphs. There may be an important role for IgG in mediating the migration of polymorphs and the development of mucosal oedema, and, interestingly, staining of the epithelium for IgG is increased in duodenitis (unpublished observations).
The second arm of response is related to this immune response through the IgG plasma cell counts and relates intraepithelial polymorphs to epithelial and villous abnormalities measured by both the extent of gastric metaplasia and the ratio of surface length to mucosal length. This second arm draws attention to the importance of polymorphs in duodenitis and their possible role in causing or responding to epithelial damage. Polymorphs are normally only a minor constituent of the duodenal bulb lamina propria or epithelium; mucosal polymorphs have been proposed as a reliable marker for important duodenitis. '4 12 15 Shousha etal, in a non-quantitative study, suggested that there was a relation between polymorphs and gastric metaplasia.'6 Other studies reported that gastric metaplasia may occur during the healing of ulcers produced experimentally in animals '" and may be associated with hyperchlorhydria in animals. '8 In man, however, Patrick et al found that although gastric metaplasia was more common in higher acid states, it was not more extensive. '9 A study of random biopsies showed an association of villous atrophy with frank duodenal ulceration and that it was much less conspicuous in nonulcerative dyspepsia;20 studies of ulcers induced with cysteamine in animals have shown that the flattening of villi occurs as an early stage in the development of duodenal ulceration. 2' The association that we found between villous atrophy and intraepithelial polymorphs is consistent with progressive loss of surface area associated with active inflammation resulting in ulceration. The patterns of response may reflect the limited repertoire of response of the duodenal mucosa to injury as much as the initiating pathological cause.
Previous attempts to classify duodenitis and to determine the normal range have depended on subjective examination and arbitrary definition of categories. Whitehead recognised three grades of duodenitis with progressive villous atrophy, increasing cell density in the lamina propria, and changes in the surface epithelium (intraepithelial polymorphs and gastric metaplasia).2 His is a complicated classification using major defining criteria and also minor "related" features Quantitative histological and immunocytochemical evaluation is too cumbersome a technique to be applied routinely to the diagnosis of duodenal biopsies, but a simple classification of histological appearances based on this study is possible on a routine basis without detailed measurement. The normal biopsy has a range of appearances, including a moderate number of plasma cells, some gastric metaplasia, and occasional intraepithelial polymorphs (Fig. 5) .
Histologically defined duodenitis of mild grade (Fig. 6 ) is characterised not only by increased plasma cells but also by definite mucosal oedema and may be accompanied by increased numbers of polymorphs in the villous, and particularly the crypt, epithelium and lamina propria and increased gastric metaplasia. Polymorphs and gastric metaplasia may not be present in every case that shows definite abnormality, but there is no statistical justification for separating biopsies with "acute" and "chronic" changes.
Severe duodenitis (Fig. 7) is characterised by villous atrophy, heavy polymorph infiltration of villous and crypt epithelium and lamina propria, and decreased plasma cells, although total cellularity may be increased.
Severe duodenitis seems to be of clinical imporfeature. Original magnification x 125. showing marked villous atrophy. Plasma cells are decreased but total cellularity is high as polymorphs are present in large numbers. Original magnification x 125. tance in relation to peptic ulceration. The establishment of simple definitions for normality, histologically defined mild duodenitis, and severe duodenitis by the application of statistical methods to quantitative histological data will facilitate further study of the clinical importance of duodenitis and its relation to the clinical course of peptic ulcer disease. The success of this study suggests that the methods described here could be applied to determine the importance of a "chronic inflammatory" infiltrate in other histopathological material and to classify patterns of inflammatory response when an aetiological classification is impossible.
